Study Design Systematic review. Objective Determine whether closed suction wound drains decrease the incidence of postoperative complications compared with no drain use in patients undergoing spine surgery for lumbar degenerative conditions. Methods Electronic databases and reference lists of key articles were searched up through January 22, 2015, to identify studies comparing the use of closed suction wound drains with no drains in spine surgery for lumbar degenerative conditions. Outcomes assessed included the cumulative incidence of epidural hematoma, superficial and deep wound infection, and postoperative blood transfusion. The overall strength of evidence across studies was based on precepts outlined by the Grades of Recommendation Assessment, Development and Evaluation Working Group. Results Five heterogeneous studies, three randomized controlled trials, and two cohort studies form the evidence basis for this report. There was no difference in the incidence of hematoma, superficial wound infection, or deep infection in patients with compared with patients without closed suction wound drains after lumbar surgery. The upper bounds of the 95% confidence interval for hematoma ranged from 1.1 to 16.7%; for superficial infection, 1.0 to 7.3%; and for deep infection, 1.0 to 7.1%. One observational study reported a 3.5-fold increase in the risk of blood transfusion in patients with a drain. The overall strength of evidence for these findings is considered low or insufficient. Conclusions Conclusions from this systematic review are limited by the quality of included studies that assessed the use of closed suction wound drains in lumbar spine surgeries for degenerative conditions. We believe that spine surgeons should not routinely rely on closed suction wound drains in lumbar spine surgery until a higher level of evidence becomes available to support its use.
Study Rationale and Context
Wound suction drains have been used to decrease the rate of postoperative hematoma formation and thus wound infections for many years throughout all surgical subspecialties. Although the use of surgical drains dates back to the years of Hippocrates, 1 in the orthopedic literature these drains have not been shown to be beneficial in decreasing the rates of these complications, especially in orthopedic procedures including fracture fixation or arthroplasty surgeries. [2] [3] [4] [5] However, these drains are still commonly used throughout the orthopedic community, including spine surgery. Debate in this area remains, as proponents of its use in the immediate postoperative period believe that it will prevent fluid collection in the surgical dead space and thus eliminate the media for bacterial growth. On the other hand, opponents believe that they are considered a foreign body that promotes inflammation and even sometimes provokes an infectious response.
In spine surgery, the controversy is even more profound because it decreases the rare but devastating complication of postoperative epidural hematoma, but it may have a hypothetical increase in the risk of infection. 6, 7 In the spine literature, the incidence of epidural hematoma in the postprocedural period ranges from 0.2 to 2.9%, [8] [9] [10] and the incidence of postoperative wound infection is 0.7 to 16%, 11, 12 thus identifying a method that can decrease the incidence of these complications would be of great benefit. To help address this debate, we conducted a systematic review of the use of these drains and extensively explored the efficacy and safety of closed suction wound drainage in spine surgery in the postoperative period.
Clinical Question
In patients undergoing spine surgery for lumbar degenerative conditions, does the use of closed suction wound drains decrease the incidence of postoperative complications compared with no drain use?
Materials and Methods
Study design: Systematic review. Search: PubMed, Embase, the Cochrane Library, Web of Science, Scopus, and bibliographies of key articles Dates searched: through January 22, 2015. Inclusion criteria: (1) comparative studies in peer-reviewed journals; (2) adult patients undergoing spinal surgery for degenerative conditions in the lumbar spine receiving postoperative closed suction drains or no drains; (3) outcomes included at least one of the following: epidural hematoma, superficial wound infection, deep wound infection, or postoperative blood transfusion. Exclusion criteria: (1) skeletally immature patients (<18 years of age); (2) surgery for intradural pathology, dural tears, tumor, trauma, fracture, or infection; (3) cervical or thoracic spine surgery; (4) nonclinical studies, case reports, and case series.
Outcomes: (1) epidural hematoma; (2) superficial wound infection; (3) deep wound infection; and (4) postoperative blood transfusion. Analysis: Due to heterogeneity in patient populations (including differences in patient demographics, diagnoses, and surgical procedures) and differences in study design, a metaanalysis was not performed. We calculated the cumulative incidence by dividing the number of patients with an event by the number at risk for the event and the associated 95% confidence interval. When zero events were reported for an outcome, the confidence interval was found using the "rule of three" estimation.
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Details about the methods can be found in the online supplementary material. Overall strength of evidence: The overall strength of evidence across studies was based on precepts outlined by the Grades of Recommendation Assessment, Development and Evaluation Working Group. Study critical appraisals and reasons for upgrading and downgrading for each outcome can be found in the online supplementary material.
Results
• Three randomized controlled trials (RCTs) and two cohort studies met the inclusion criteria and form the basis for this report (►Fig. 1). Their characteristics are described in ►Table 1. A list of studies excluded and the reason for exclusion can be found in the online supplementary material.
• One RCT included patients undergoing multilevel decompression or fusion as a primary or reoperation procedure for herniated nucleus pulposus, spinal stenosis, degenerative spondylolisthesis, or postlaminectomy syndrome in an older population (mean age 67.4 years; ►Table 1).
14 Two RCTs included patients undergoing single-level laminectomy for herniated disk or degenerative stenosis, though one study placed the drains in the epidural space (mean age 46.7 years), 15 and the second placed the drain in the lumbodorsal fascia (mean age not reported).
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• Two retrospective cohorts included patients undergoing single or multilevel laminoplasty, diskectomy, or fusion for varying diagnoses (mean age 46 to 57.3 years).
16,17

Hematoma
• The evidence base included three RCTs and two retrospective cohorts.
• The method of identification of hematoma varied among studies. One small RCT reported 89% of the patients with drains and 36% of the patients without drains had epidural hematomas as detected by magnetic resonance imaging.
Most were minimal in size with only 7% prominent in the no-drain group compared with 0% prominent in the drain group. 15 All other studies assessed hematomas that required drainage or reoperation. The risk in these studies ranged from 0.0 to 0.7%.
7,14,16,17
• There was no difference in risk for hematoma comparing drains with no drains across studies of different design, surgeries of varying complexity, patients of different ages, or complexity of diagnosis. 7,14-17 The upper 95% confident limit of risk for hematoma in the patients with drains was 13.6% compared with 16.7% for the patients without drains (►Table 2).
Superficial Wound Infection
• The evidence base included two RCTs and two retrospective cohorts.
• There was no difference in risk between the patients receiving closed suction wound drains (range of risks, 0.0 to 3.5%) compared with the patients with no drains (range of risks, 0.0 to 2.6%; ►Table 2). 7, 14, 16, 17 The upper 95% confident limit of risk for superficial wound infection in the patients with drains was 7.1% and for the patients without drains was 7.3%.
Deep Infection
• The evidence base included one RCT and one retrospective cohort.
• There are no events recorded in the two studies that report risk for deep infection in the patients treated with versus patients treated without closed suction wound drains after lumbar surgery (►Table 2). 14, 16 The upper limit of risk for deep infection in the patients with drains was 7.1% and in the patients without drains was 7.3%.
Postoperative Blood Transfusion
• The evidence base included one retrospective cohort.
• One observation study reported a greater risk of blood transfusion after lumbar surgery in the patients with drains (24%) versus patients without drains (7%; risk ratio 3.5; 95% confidence interval 1.7 to 7.0).
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Evidence Summary
There was no difference in the incidence of hematoma, superficial wound infection, or deep infection in the patients with versus patients without closed suction wound drains after lumbar surgery. The overall strength of evidence for these findings is considered low or insufficient (►Table 3).
There is insufficient evidence to draw conclusions on the effect of closed suction wound drains on the risk for postoperative blood transfusion.
Clinical Guidelines
No clinical guidelines were found. 
• Degenerative stenosis (% NR)
• Singe-level hemilaminectomy (% NR)
• Decompressive laminectomy (% NR)
Brown ( • Postlaminectomy syndrome:
• Fusion with instrumentation:
• Fusion without instrumentation: 
• Disk disease with myelopathy:
• Lumbar spinal stenosis:
• Acquired spondylolisthesis:
• Spondylolisthesis:
Abbreviations: NR, not reported; RCT, randomized controlled trial.
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Discussion
• In the setting of spinal surgery, one of the biggest concerns is an epidural hematoma; some spine surgeons use drains to decrease the incidence of postoperative hematomas and subsequently neurologic complications. However, there is no clear consensus whether is it beneficial by decreasing hematomas or harmful by increasing the risk of infection and the rate of blood transfusion.
• Five studies assessing the use of closed suction wound drains in spine surgeries for lumbar degenerative conditions were identified and included in this systematic review. Abbreviations: RCT, randomized controlled trial; retro, retrospective cohort; RR, risk ratio. a Calculated using Hanley's rule of three when zero events are reported for a given outcome.
• One strength of our study was the thorough and systematic search of the evidence performed. The limitations included the following: the methodologies of studies included in this review were heterogeneous, and all studies had small sample sizes. There was a lack of random sequence generation or allocation concealment in the RCTs. In addition, there was a lack of observer blinding and lack of controlling for confounding factors. (See ►Table 3 in the online supplementary material.) • Contrary to previous beliefs, there is no difference in the incidence of hematoma, superficial wound infection, or deep infection in the patients with versus patients without closed suction wound drains after lumbar surgery.
• As this systematic review was of low or insufficient evidence, more randomized trials of the use of closed suction wound drains in lumbar spine surgery are needed with sufficient sample sizes and appropriate methodology protocols to adequately assess the effect of drain use on these rare outcomes.
Conclusions
Conclusions from this systematic review are limited by the quality of included studies that assessed the use of closed suction wound drains in lumbar spine surgeries for degenerative conditions. The small sample sizes, lack of random sequence generation, or allocation concealment in RCTs and lack of controlling for confounding factors may not have allowed us to detect differences between treatment groups, particularly for rare outcomes. We believe that spine surgeons should not routinely rely on the use of closed suction wound drains in lumbar spine surgery until a higher level of evidence becomes available to support its use. 
Disclosures
Editorial Perspective
Surgical practice is the invasive treatment of human ailments through the application of skill and technology drawn from a combination of experiential and of learned behaviors. The placement of drains in elective posterior spine surgery is one of these time-honored learned behaviors. Use of postoperative drains is a big deal from the medical and business side of medicine as their use may influence the occurrence of certain complications and may also be a factor on length of stay and other direct expenses such as material costs and use of antibiotics as well as personnel costs. In this era of questioning everything, the use of drains should not be considered as a given but should be subjected to a rigorous review of the evidence base. Waly and coauthors received universal praise from the reviewers for their choice of the subject of the evidence-based foundation of the use of drains by performing a formal systematic review. The purported benefits of postoperative drainage are clear: a hopefully decreased infection rate and wound-healing disruption through the removal of postoperative fluid accumulation from the wound cavity and a decreased rate of epidural hematoma formation with the added risk of potential secondary neurologic deterioration. Using an extensive search strategy going all the way back to antiquity for this meritorious topic, the authors came up with two surprising results: (1) there is no evidence whatsoever to use posterior wound drains in the spine for either infection or hematoma; (2) there are remarkably few studies of higher quality that have actually examined the merits of postoperative wound drainage in spine surgery. Certainly, the evidence base for postoperative wound drainage is inverse to the commonality with which wound drainage is performed.
In reviewing these studies, the fact that there were no greater differences identified is not entirely surprising. The overall number of patients in the three prospective RCTs was 333. The two retrospective cohort studies combined for 962 patients, which leaves us with a patient cohort of $1,300 patients as a basis for the investigation of the merits of postoperative drain use in spine surgery. For sporadic occurrences like symptomatic epidural hematomas and their reported incidence of less than 1%, this number of subjects is simply too small to be able to hope to detect any differences. Especially when "simple surgeries" such as primary microdiskectomies in low-risk patients are part of the patient cohort, the expected rate of symptomatic postoperative complications could be expected to be sporadic at best. The cohort size is insufficient even for the far more common postoperative complication of wound infections, with a reported incidence of up to 7.1%. The pool of patients includes a mixture with instrumentation and no hardware used with variable degrees of invasiveness and unclear handling of important comorbidities such as diabetes, body habitus, immune or nutritional compromise, blood thinners, and cerebrospinal fluid leak, which simply does not allow for a meaningful assessment of the influence of drains on the desired outcome of reducing infections. Other important variables, such as duration of drain placement and use of perioperative antibiotics as well as type of wound closure and incision management, are also not factored into this evaluation.
In conclusion, the best we can say for now is that the use of drains does not seem to prevent an increase of postoperative wound infections. On the contrary, the claim that postoperative wound drainage would actually reduce this dreaded complication can certainly not be maintained. Given the number of variables at hand and the differences in practices and patient comorbidities, the question arises if a prospective RCT or a retrospective study format can actually ever be sufficient to actually pick up important differences in complication rates such as symptomatic epidural hematoma or wound infections. A much larger patient base, such as found in a registry, may turn out to be a preferred study format to try to better investigate this topic. Until then, the editors of the Evidence-Based Spine-Care Journal edition of the Global Spine Journal invite the commentaries of its readers around the world on their recommendations on postoperative drain use and also what pathway to use to arrive at a best practices consensus.
